Appendix C.
Statistical Methodology

THE CENSUS MAIL LIST AND SCREENER
PHASE

The National Agricultural Statistics Service (NASS)
maintainsalist of farmersand ranchersfromwhichthe
census mail list (CML) is compiled. The goal is to
build as complete a list as possible of agricultural
places that produce and sell, or would normally sell,
$1,000 or more of agricultural products. This is the
same list used to define sampling populations for
NASSsurveysconducted for the agricultural estimates
program. Each record on the list includes name,
address, and telephone number plus additional
information used to efficiently sample and administer
the NASS census of agriculture and its agricultural
estimates programs.

NASS builds the list on an ongoing basis by obtaining
outside sourceliststo improvethelist sampling frame.
Sources include state and federal government lists,
producer a field office association lists, seed grower
lists, pesticide applicator lists, veterinarian lists,
marketing afield office association lists, and avariety
of other agriculture related lists. NASS occasionally
obtains special commodity liststo address specific list
deficiencies. 1n 2000, NASS began an intensive push
to increase list coverage in preparation for the census.

Most nameson anewly acquired list are already on the
list sampling frame. Those found on the list are set
aside. Those not found are treated as potential farms
until NASS can confirm their existenceasaqualifying
farm. State offices routinely contact these potential
farmsto determinetheir status, however, theincreased
pre-census list building activity generates much more
follow up work.

Beginning in April 2002, NASS conducted the Farm
Identification Survey to screen 591,288 potential farms
before placing them on the CML. These recordswere
mailed a short report form and a non-response follow
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up mailing was madein May 2002. A second group of
568,692 additional potential farm records was pulled
in late June 2002. A single mailing was made to this
group. The entire screener phase confirmed 349,664
qualifying farms that were added to the CML. A total
of 282,901 names were confirmed as out of scope and
were dropped from the list. The number of names
returned asundeliverable as addressed was 92,203 and
they were excluded from further censusmailings. The
remaining 435,212 did not respond and were mailed
census forms athough they were not added to the
CML as active farms.

During the spring and summer of 2002, measureswere
taken to improve name and address quality. Checks
were made to detect and remove duplication both
within states and across states. List addresses were
processed through the National Change of Address
registry and the Locatable Address Conversion System
to ensure they were correct and complete. Recordson
the list frame with missing or invalid phone numbers
were matched against a nationally available telephone
database to obtain asmany phone numbersas possible.

Records requiring special handling for census data
collection or for analysis and summarization were
identified. These were mostly farms considered
unigue because of their size or because they produce
specialty commodities.

The official Census Mail List was established on
September 1, 2002. The list contained 2,841,788
records. These records can be broken down into
1,839,533 recordsthat were thought to meet the NASS
farm definition and 1,002,255 potential farm records.

CENSUS SAMPLE DESIGN
All name and address records on the fina CML

received a 2002 Census of Agriculture report form.
Two different typesof censusreport forms, sampleand
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nonsample, were used to collect data. Sections 1
through 16 and 22 through 25 of the sampleform (long
form) were identical to sections on the nonsample
census form (short form). Sections 17 through 21 of
the sample form contained additional questions on
usage of fertilizers and chemicals, farm production
expenditures, value of machinery and equipment,
value of land and buildings, and hired workers. There
were 12 regional versions of the nonsample form and
13 regional versions of the sample form with listings
of crops varying by region.

The sample form was mailed to all mail list recordsin
Alaskaand Rhode Island and to asampl e of recordsin
other States selected from the final mail list. Mail list
records were selected into the sample with certainty if
they (1) were expected to have large total value of
agricultural products sold or large acreage, (2) werein
a county with less than 100 farmsin 1997, or (3) had
other special characteristics(e.g., abnormal farmssuch
as institutional farms; experimental and research
farms; Indian reservations; etc.). Mail list recordsin
counties containing 100 to 199 farms in 1997 were
systematically sampled at a rate of 1 in 2; counties
containing 200 to 299 farms in 1997 were
systematically sampled at a rate of 1 in 4; counties
containing 300 to 399 farms in 1997 were
systematically sampled at arate of 1in 6; and counties
containing 400 or more farms in 1997 were
systematically sampled at arateof 1in 8. Themail list
records not chosen to receivethe sampleform received
thenonsample censusform. Thisdifferential sampling
scheme was used to provide reliable data for the
sample sections of the report form for all counties.

The regional report form versions and the sampling
scheme were used to provide reliable data for alarge
number of items/commodities at the county level,
while reducing response burden.

EDITING DATA AND IMPUTING FOR ITEM
NONRESPONSE

Themailing label on all formsreturned to the National
Processing Center (NPC) were scanned using bar code
readers to capture identifiers and for check-in
purposes. Forms determined to represent qualifying,
in-scope farms were submitted for imaging. A
snapshot was taken of each page of every report form
and optical mark recognition (OMR) and intelligent
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character recognition (ICR) techniques were used to
capturereported datafrom theimages. ThelCR engine
determined aconfidencelevel for every cell read. Any
cell with a confidence level below a prescribed value
was referred to NPC staff to review and correct from
the image, when necessary. The images and the
captured data were transferred to NASS on a flow
basis. Data collected by telephone were captured
using computer assisted telephoneinterview software.
Data entry procedures were developed for NASSfield
officesto input datafrom formsreceived too late to be
imaged.

Captured data were processed through a format
program. Thisprogram verified that record identifiers
were valid and checked the basic integrity of the data
fields. Rejected records were referred to NASS staff
for correction. Accepted records were posted to the
database.

All 2002 Census of Agriculture data were passed
through a complex computer edit. Data were batched
by state for submission to the computer edit. The edit
first determined whether areporting operation met the
minimum criteria to be counted as a farm in the
census. Operations failing to meet the minimum
criteria were referred to NASS staff for verification.
The edit examined each report for reasonableness and
completeness and determined whether to accept,
delete, impute (supply), or ater the reported value for
each data record item.

Whenever possible, imputations, deletions, and
changes made by the editing system were based on
related data on the respondent’'s report form
(deterministic imputation). For some items, such as
operator characteristics, available data for that farm
from the previous census were used. Values reported
on previous NASS surveys were used, where
applicable.

When these and similar methods were not available
and values had to be supplied, the imputation process
used information reported for another farm operation
in the same state or in a neighboring state with
characteristics similar to those of the farm operation
with incomplete data. For example, afarm operation
that reported acresof corn harvested, but did not report
bushels of corn harvested, was assigned the same
bushels of corn per acre harvested as that of another
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farm from that region having similar characteristics
and reporting an acceptable yield. The imputation for
missing items in each section of the report form was
conducted separately; thus, assigned values for one
operation could come from more than one respondent.

Each execution of the computer edit consisted of
records from only one state. Successfully edited
records were made available as potential "donors," to
supply values needed in subsequent imputations.
These " clean” records were accumulated into pools of
donors according to geographic location, so that each
pool might be used during the computer edit of any
reportsfrom appropriate states. When imputation was
required, a report's collective imputation needs for a
section were used to identify a group of "matching"
variables for the report which contained acceptable
datarelating to the missing items. For example, acres
of corn harvested would be a matching variable for
bushels of corn harvested, in consideration of the high
correlation between the two items.

Similarity to the report being edited was evaluated for
the matching variablesfor all farmsin the appropriate
donor pool. Values were imputed from the donor
report considered most similar, referred to in this
context as the "nearest neighbor" to the report being
edited. Similarity between the edited record and a
donor was calculated as the Euclidean distance
between their selected matching variables. As part of
the distance computation, the values of the matching
variables were normalized to have the same variance
within each donor pool. Latitude and longitude were
consistently included in al imputation requests as
matching variables, so that geographic proximity
played arolein al donor selections.

Imputation conformed to logic provided by the
complex edit. When appropriate, only donors able to
contribute a nonzero imputed value were considered.
For a farm reporting harvested corn acreage, for
example, imputed bushels of corn harvested would be
taken only from farms with harvested corn. In
addition, imputed valueswere often adjusted. In some
cases, acceptable data in another field of the edited
report were used to establish aratio between the edited
report and the donor report. This proportion was
applied to the imputed value as a scale factor. In the
corn example, total bushels of corn from the donor
would be scaled by theratio of the acres of cornin the
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edited report to those in the donor report.

To maintain consistency with the complex edit, the
imputed values in most sections of the report were
tested to ensure they satisfied critical relationships
among items within the section. If any of these
constraints were not met, aternative donors were
considered in order of their similarity to the edited
report, until al the constraints for the module were
satisfied.

In some cases, nearest-neighbor imputation was not
possible. Therequirement of apositiveimputed value
might rule out al available donors, resulting in an
imputation failure. However, if some members of the
donor pool werefound to satisfy thisrequirement, then
as many as 25 nearest neighbors were given further
consideration. But if none of the candidate donors
could providequalifying data, theresult was al so noted
as an imputation failure. Processing of records that
encountered these imputation failures was suspended
at the section where the failure occurred. These
records were made available for analyst review and
later reconsidered by the automated edit asafollow-up
to corrective actions taken by the analyst.

Thedonor pool for each region wasfrequently updated
with records from its area which had completed the
editing process. As records were added to the donor
pool, the records became available to donate valuesto
incompl ete reports subsequently edited for that region.
Prior to editing, al donor pools were empty and no
donors were available. Initial donor pools were
created by giving special treatment to the first batches
of data received from each state. Similar to the way
that imputation failures were resolved through analyst
review of thereports, early reportsfrominitial batches
were reviewed and adjusted manually by teams of
analysts. This processwas employed until each donor
pool became self-sufficient in consistently providing
imputed values for its region through the automated
nearest-neighbor selection process.

To streamline editing once they had reached a mature
stage in their growth, donor pools for some regions
were not expanded in size beyond a chosen plateau.
This provided assurance that computer editswould not
exceed a reasonable processing time for nearest-
neighbor searches. Although their size was limited,
these donor pools did not become static. They were
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regularly recreated with representative samples of all
records available from their regions. Within a given
region, all successfully edited long form records were
included in their appropriate donor pool. Successfully
edited short form records were ordered by farm size
and sales volume for a given region, and then
systematically sampled. Every “ith” record from the
short-form list was joined to the complete list of long
forms for its region to form a refreshed donor pool.
The steady renewal of donor pools for regions with
large numbers of records assured a more diverse
selection of donors over time.

All records for which data were changed were
resubmitted to the edit to verify an acceptable
correction was made. Records with imputation
failures were referred to an analyst for resolution. A
data review screen presented the problematic data.
The analyst could summon the image, the census mail
list, or the historical datawarehouse to help determine
asuitablesolution. Corrected datawere posted and the
record was re-edited.

The complex edit ensured the full internal consistency
of the record. Analysts were provided an additional
set of tools to review record-level data across farms.
These examinations detected extreme outliers or
unigue data distribution patterns that were possibly a
result of reporting, recording, or handling errors.
Potential problems were researched and, when
necessary, corrections were made and the record re-
edited.

NONRESPONSE AND SAMPLE ESTIMATION

Statistical estimation procedureswere used to account
for whole farm nonresponse and sample data
collection. The procedures for nonresponse were
necessary because some farm operators did not
respond to the census despite numerous attempts to
contact them. Statistical estimatesfor long-form-only
data items had to be calculated since, by design, the
data were not collected from every farm.

Treatment of Farms Selected for the
Screener Phase

Names selected to receive the screener form were

those believed to have some likelihood of operating a
farm, but for whom actual farm activity was unknown.

C-4 APPENDIX C

The screener phase and follow up strategiesresulted in
severa possible outcomes depending on whether the
screener name responded and was in or out of scope.
Each of these outcomes was handled differently to
adjust for nonresponse.

Names responding to the screener as out of scope
(nonfarms) were excluded from the CML. If the
respondent answered the screener as in scope, the
respondent was added to the CML and received a
census form. If this in-scope screener respondent
answered the census form, the operation’s report was
eligible to be used to help account for nonrespondents
to the census. If the in-scope screener respondent
failed to respond to the census form, that operation’s
data were accounted for by census respondents.

Records for operation that did not respond to any of
the three mailings of the screener were not considered
to be part of the CML. Nevertheless, they were sent a
censusform. If the screener nonrespondent ultimately
responded as an in-scope operation on the census, it
was given afixed nonresponse weight of 1 for census
tabulations. If the screener nonrespondent failed to
respond to the census form, the record was treated in
summarization asif it never existed.

Whole Farm Nonresponse Estimation

Whole farm nonresponse to the census occurred when
no data were received from an operation on the CML.
If the record was deemed to represent either a large
farm, as defined by the total value of production or
acreage, or a unique farm operation, intensive
telephone or personal followup was conducted during
the census processing to obtain a response. If these
attemptsfailed, the NASS survey database, the census
historical database, or other more current sourceswere
used to impute datafor the record. Theselarge and/or
unigue records were designated as must records and
were assigned a fixed nonresponse weight of 1,
meaning their data were not used for nonresponse
adjustment. Screener respondents with reported sales
above a certain state-determined level automatically
became must records.

During mail list development, the State Statistical
Offices (Field offices), in an effort to reduce
respondent burden, identified operations that
participated in multiple NASS surveys, and those that
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had special reporting

relationships with an enumerator. The records for
these operations were “tagged”. The Field offices
assumed full responsibility for the data collection for
any tagged operations, including imputation of datafor
them if aresponse was not obtained. Tagged records
became must records. They had anonresponse weight
of 1 and the reports were not be used for nonresponse
adjustments.

Whole farm nonresponse that occurred within the
remaining universe of records, called non-musts, was
accounted for by astatistical weighting procedure. All
responding non-mustsin astate were put into mutually
exclusive weighting groups based on their size and
county as recorded on the CML database. Statistical
models were used to estimate the number of
nonresponse farms that were in scope for each
weighting group. Theweightsof theresponding farms
in each weighting group were increased to account for
nonresponding farmsin that group.

Throughout the data collection period, there were
changes and additions to the CML. Records added
after the initial CML was created on September 1,
2002 were designated as new adds and treated like
screener nonrespondents and given a nonresponse
weight of 1. New adds responding asin-scope records
to the census were subsequently subtracted from the
measurement of undercoverage. When anew add was
linked to an operation originally onthe CML, it wasno
longer considered anew add. New adds occurred any
timeafter the CML creation and beforefinal weighting
in February, 2004.

Some operators were sent more than one census form.
These operators were required to fill out a separate
form for each operation. Also, an operator may have
had an operation for which a census form was not
received, but the existence of which was noted on the
form of the known operation. That operator was sent
a new census form or enumerated by telephone to
obtain data for that previously unknown operation. |If
a response was obtained for the previously unknown
operation, the nonresponse weight for the new record
was set equal to the nonresponse weight for the
original operation reporting its existence. If no
response was obtained for the previously unknown
operation, it was treated as out of scope.
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Some large farms operating in more than one county
were treated as distinct county-specific operations to
more accurately allocate data to counties. Similarly,
large farms operating in more than one state were
treated as distinct state-specific operations. Split add
records were created for these operations and they
were assigned the same nonresponse weight as the
original CML operation.

Controls were established that ensured the calculated
nonresponse weight never exceeded 2. The
nonresponse weights were systematically rounded to
integers, with an integerized weight of either 1 or 2
assigned to each record. The integerization process
eliminated any impact rounding has on census farm
counts and totals in each county and in cross
tabulations.

Tables A and C quantify the effect of the nonresponse
estimation procedures on selected census data items.
These tables contain percentages of the census
aggregates that were contributed by nonresponse
adjustments. As noted earlier, names included in the
screener sample that never responded were treated as
if they never existed. Any in-scopefarmin thisgroup
was missed and, consequently, “attributed” to the
coverage adjustment. Thisisshownin Table C. For
selected items, estimates of what was attributed were
reallocated to nonresponse to obtain *“corrected”
values, which appear in Table A. Thiswas possible at
the state level only. The differences between state-
level nonresponse adjustment numbersin thefirst line
of Table C and their counterpartsin Table A represent
the amount reallocated.

There was no such reallocation in Hawaii because
records in that state were not adjusted to account for
coverageerrors. No tablesappear for Alaska, because
thosestate’ srecordswerenot adjusted for nonresponse
or coverage.

The estimates provided in Tables A and C do not
reflect the effect of item nonresponse to individual
censusdataitems. Theeffect of thisitem nonresponse
is discussed in the **Nonmeasurable Census Error’’
section.

Sample Estimation

Must recordswereall presel ected to receive the census
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long form. Non-must records were sampled to
determine which would receive the long form and
which the short form. All records in some small
counties automatically received the census long form.
However, these records were not necessarily must
records. Nonresponse adjustment was allowed for the
non-musts.

Weights applied to the items appearing on the long
form only (Sections 17 through 21) were cal cul ated by
multiplying the farm’s coverage-adjusted weight,
which is described later, by the sample factor (e.g, 6
for a farm sampled with a 1-in-6 rate, 1 for a must).
An adjustment was made that ensured the number of
farms operating in a county as estimated from the
sample matched the number estimated from the full
census. Before computing published tabulations based
on the sample, each record’'s sample weight was
integerized to eliminate the impact of rounding on
census farm counts and totals.

Operators with more than one operation were sampled
as one record and received the same census form for
each operation. Operationsadded after sampling were
treated differently depending on whether or not the
record was linked to a record on the original CML.
Added operations which linked to a record on the
origina CML weremailed the same censusform asthe
original CML operation. Added operations that were
not linked to a record on the origina CML were
mailed the long form.

MEASURABLE CENSUS ERROR

The root mean squared error of an estimated dataitem
from the census provides ameasure of the error afield
office associated with completing a census. It
measures the variation in the value of that estimated
dataitem based on all possible outcomes of the census
collection, including variants as to who was on the
census list, who returned a census form and who was
selected to fill out the sample form.

Data items are classified as either complete count
itemsor sample count items. Samplecount itemswere
collected only on the longer sample version of the
census report form. Complete count items were
collected from al respondents. Variability in the
estimates of complete count items was due only to the
nonresponse and coverage estimation adjustment
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procedures. Variability in the estimates of sample
count itemswas due to both the adjustment procedures
and the census sample selection and estimation
procedure. Therefore, variability in the sample count
item estimates tendsto be larger than the variability in
the compl ete count item estimates.

Table B presents the fully adjusted total with the root
mean sgquared error for selected items. The relative
root mean squared error is obtained by dividing the
root mean squared error by the value of the estimate
multiplied by 100. Thetablealsoincludesthe percent
contribution to the mean squared error (the square of
the root mean squared error) from nonresponse
adjustment and sampling and from coverage
adjustment.

Thereisno Table B for Alaska. Mean squared errors
in Hawaii displayed in Table B are entirely due to
nonresponse adjustment.

Nonsampling error dueto mail listincompletenessand
duplication as well as misclassification of records on
themalil listiscalled coverageerror. Thesectiontitled
“Classification Error” addresses attempts to assess, at
least qualitatively, theimpact of classification error on
the census results.

NONMEASURABLE CENSUS ERROR

The accuracy of the census counts is affected jointly
by the measurable errors described in the previous
section

and by nonmeasurable errors (nonmeasurable in the
sense of not being included in root mean squared error
estimates). Extensive efforts were made to compile a
complete and accurate mail list for the census, to
design anunderstandablereport formwithinstructions,
and to minimize processing errors through the use of
quality control measures. Despite these efforts,
nonmeasurable errors are inevitable and arise from
many sources, including respondent or enumerator
error, incorrect data capture, editing, and imputing for
missing data. These errors are discussed in this
section.

Respondent and Enumerator Error

Incorrect or incompl ete responses to the census report
form or to the questions posed by an enumerator can
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introduce error into the census data. To reduce
reporting error, detailed instructionsfor completingthe
report form were provided to each respondent.
Questionswere phrased as clearly as possible based on
previous tests of the report form. Computer-assisted
telephone interviewing software included immediate
integrity checks of recorded responses so suspect data
could be verified or corrected. In addition, each
respondent’ s answers were checked for compl eteness
and consistency by the complex edit and imputation
system.

Item Nonresponse

As information flowed from data collection to
tabulation, various types of item nonresponses were
identified on the census report forms. Nonresponse to
particular questions on the form that logically should
have been present created atype of nonsampling error
in both complete count and sample count data. Inthis
case, information from a similar farm was used to
impute for these missing data items. The resulting
data may have been biased if the characteristics of the
nonreporting farms were different from those of
reporting farms for those items. The section titled
“Editing Data and Imputing for Item Nonresponse”
provides a detailed explanation of item imputation
procedures.

Processing Error

All phases of processing for each census report form
were potential sources of nonsampling error. An
automated check-in procedure recorded that the report
had been returned and excluded it from further
followup mailings. Approximately one-third of the
mail returns were reviewed to resolve questions
dealing with multiple reports, respondent remarks, or
no reported data. The remaining mail returns (about
two-thirds), aong with some of the reviewed cases
containing farm data, were batched and sent directly to
imaging and data capture. Data were transmitted,
formatted, and run through the complex edit and
imputation system to ensurewithin record consistency.
About one-fifth of all forms edited were clerically
reviewed for inconsistencies, omissions, or
guestionable values. While reviewing these forms,
staff determined if the action taken by the computer
edit and imputation system was correct. Additional
anaysis tools were used to examine data across
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records for distributional irregularities and extreme
values. Edited records were tabulated to the county
level. Each county wasreviewed and, when necessary,
individual records were corrected prior to publication.

Developing accurate processing methods is
complicated by the complex structure of agriculture.
Among the complexities are the many places to be
included, the variety of arrangements under which
farms are operated, the continuing changes in the
relationship of operators to the farm operated, the
expiration of leases and the initiation or renewal of
leases, the problem of obtaining a complete list of
agriculture operations, the difficulty of contacting and
identifying some types of contractor/contractee
relationships, the operator’s absence from the farm
during the data collection period, and the operator’s
opinion that part or all of the operation does not
qualify and should not be included in the census.
During datacollection and processing of thecensus, all
operations underwent a number of quality control
checks to ensure results were as accurate as possible.

COVERAGE ADJUSTMENT

Although much effort was expended making the CML
as compl ete as possi bl e, the coverage of farmswas not
complete. NASS's goa was to produce agricultural
census totals for publication that were fully adjusted
for list undercoverage at the county level. To thisend,
estimates of the undercoverage for a specified set of
farm characteristics, called calibration variables, were
computed using an area-frame sample. After initial
weights were assigned to census respondents to
account for nonresponse, these weights were further
adjusted to compensate for estimated state level
undercoverage for each of the calibration variables
based ontheareaframe sample. Sinceeach farmwith
census data was given a fully-adjusted weight by this
process, county level totals could be generated for
every censusvariablenot just the calibration variabl es.
The section titled “ Calibration Algorithm” provides a
list of the area frame based calibration variables.

To further improve coverage adjustment, a second set
of targets and ranges were added to the calibration
effort. These were well established commodity totals
for which excellent check data were available for
validation. The introduction of these commodity
target strengthened the overall coverage adjustment
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process by limiting the possible adjustments produced
by the area frame based targets to ensure major
commodity totals remained within reasonable bounds
of established benchmarks.

Most targets were determined at the state level. The
one exception was the New England states -
Connecticut, Maine, Massachusetts, New Hampshire,
Rhode Island, and Vermont - which were combined
intoone*“calibrationregion”. Inwhat follows, “state”
refers to the calibration region for New England.

Measuring Mail List Undercoverage

Censusmail list undercoveragewas measured using an
independent survey of land segments selected from the
NASS area frame. The NASS area frame covers all
land in the United States and includes all farms. Each
June, NASS conducts a survey in which area frame
segments are enumerated for agricultural activity. The
sampled segments are allocated to provide accurate
measures of acres planted to widely grown crops and
inventories of hogs and cattle.

The 2002 June Area Survey (JAS) was supplemented
by the 2002 Agricultural Coverage Evaluation Survey
(ACES) to better estimate CML incompleteness. The
ACES used a sample of segments allocated in a way
that, when pooled with the JAS, accurate measures of
number of farms and land utilization could be
obtained. Enumeratorsvisited all segments, identified
all farms operating land in each segment, and obtained
basic data about those farms.

The names and addresses collected in the 2002 JAS
and 2002 ACES were matched to the census mail list.
Farms that did not match were recontacted after the
census mailout to confirm that they did not receive a
census form. Farms that had not received a census
form represented the farms not onthemail list (NML).
Those who received a census form had been
erroneoudly classified as NML and were removed.

The percentage of farms missed in the census varied
considerably by State. In general, farms not on the
mail list tended to be small in acreage, production, and
sales of agricultural products. Farm operations were
missed for various reasons, including the possibility
that the operation started after the mail list was
devel oped, the operation was so small as not to appear
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in any agriculture-related source lists, or the operation
was falsely classified as a nonfarm prior to mailout.

Determining Targets to Correct
for Undercoverage

The2002 JuneAgricultural Survey consisted of 11,075
land segments and the Agricultural Coverage
Evaluation Survey (ACES) added 2,400 segments.
Data values afield office associated with NML tracts
were used to estimate the state-level undercoverage of
the CML for thefirst set of calibration variables. The
state-level total sfor these variableswere then summed
to yield national totals.

The national NML estimate for the number of farms
was used directly in determining calibration targets
(CML

+ NML). State-level farm-count estimates based on
the NML sometimes had unacceptably high standard
errors, as well as apparent systematic biases. These
estimates were smoothed across states based on
separate NASS surveys and previous analysis.

Other calibration targets were derived from the NML-
estimated fractions of farms of certain types (e.g., ina
particular sales class or with a primary operator of a
particular race). Most of these had unacceptably high
state-level standard errors. Asaresult, more reliable
national level NML estimates were used to smooth
state estimates. The smoothed state NML-estimated
fraction was computed by taking a weighted average
of the actual state estimate and a prediction for the
state based on national and state level numbers (e.g.,
the number of NML farmsin the state, the fraction of
farmswith black owners on the state’'s CML, and the
national relative difference between the fraction of
black ownerson the NML and CML). Theweighting
factor was chosen to approximately minimize mean
squared error under a random effects model. The
smoothed NM L-estimated fractionsweremultiplied by
the corresponding smoothed NML farm-count
estimates described above and added to corresponding
CML estimatesto obtain coverage-adjusted state-level
totals, which served as calibration targets.
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Tolerance Ranges

Although full calibration would assure that the
weighted total among census respondents equaled its
for each calibration variable in either set, it was not
aways possible to calibrate to such alarge number of
target values while keeping al farm weights within a
reasonablerange (for example, theweight for any farm
cannot belessthan one). Because of thisand because
calibration targets are estimates themsel ves subject to
uncertainty, NASS allowed some tolerance in the
determination of coverage-adjusted weights. Rather
than forcing the total for each calibration variable
computed using the coverage-adjusted weights to
equal a specific amount, NASS allowed the estimated
total to fall within atolerance range. This tolerance
strategy sometimes madeit possiblefor the calibration
algorithm to produce a set of satisfactory coverage-
adjusted weights that it would not have otherwise.

Rangesfor the first set of calibration variables used to
adjust for undercoverage were determined differently
from the second set used to adjust for measurement
error. The number of farms had no tolerance range.
Thetolerancerangefor every other variableinthefirst
set was the estimated state total for the variable (CML
+ NML) plus or minus one-haf of one estimated
standard error. This choice limited the cumulative
deviation from the estimated total for avariable when
state-level totals were combined to create a US-level
total.

The state-level tolerance rangesfor commodity targets
were provided by commodity specialists in NASS's
Statistics Division. These ranges did not have to be
symmetric around the target value.

Calibration Algorithm

Coverage adjusted weights were obtained by an
algorithm based on the restricted regression algorithm
referred to by Singh and Mohl (1996) as the Linear
Truncated Method. Coverage adjustmentsbeganwith
the nonresponse weights before integerization. The
fina coverage-adjusted (nonsample) weights were
restricted to the interval [1,6).

The calibration variables were based on the following
reported items:

1. Total vaue of production and government
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payments.
0 $5,000 - $24,999
$1 - $999 $25,000 - $99,999

$1,000 - $2,499  $100,000 - $499,999
$2,500 - $4,999  $500,000 and above

. Ageof principa operator.

Lessthan 25 yearsold
25-34

35-44

45-54

55 and older

. Sex of principal operator.

Female

. Race of principal operator (selected categories).

Black
American Indian, Asian, and Other

. Principal operatorsof Spanish, Hispanic, or Latino

origin.

. Number of farms and land in farms.

. Selected types of farms by commodity produced.

All cattle farms

Dairy farms
Sheep/goat farms

Nursery/horticulture farms
Hog/pig farms
Fruit/nut/berry farms
Vegetable farms

Tobacco farms
Horse/Equine farms
Poultry farms

. Various commodity acreage and production

statistics (Varies by state).

Corn acres harvested
Soybean acres harvested
Wheat acres harvested
Potato acres harvested
Rice acres harvested
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Sugarcane acres harvested

Hay acres harvested

Apples acres harvested

Total orange acres

Grape acres harvested

Cotton bales produced

Beef cow inventory

Lettuce acres harvested

Tomatoes acres harvested

Tobacco acres harvested

Sugarbeet acres harvested

Cattle on feed inventory

Total cattle inventory

Total hog/pig inventory

Dairy cow inventory

Broiler production

Layer inventory

Durum wheat acres harvested (North Dakota)
Other spring wheat acresharvested (North Dakota)
Alfalfa acres harvested (South Dakota)

Integerization and Sample Weights

Coverage-adjusted weights were integerized to
eliminate the need for rounding estimated counts
computed with coverage-adjusted weights. The
integerization process was designed to minimize
county-level impact on the nonresponse and coverage
adjustment of number of farmsand total land in farms.

Sample weights were computed by multiplying
coverage-adjusted weights before integerization with
the appropriate sampling factors and adjusting the
results to add up to matched census counts as
described previously. Sample weights were then
integerized for analytical purposes.

Measuring the Amount of
Adjustment

Coverage

Tables A and C display the proportions of selected
census data items that are due to nonresponse and
coverage adjustments. The section of this appendix
onwholefarm nonresponse adjustment explained how
the nonresponse adjustment values were determined.
The coverage adjustment values account for the rest of
the differences between the weighted and unweighted
totals for these dataitems. Some estimated coverage
adjustments are negative. The use of commodity
targets in calibration indirectly exposed some
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duplication on the census list resulting in negative
coverage adjustments.

CLASSIFICATION ERROR STUDY

The 2002 Classification Error Study (CES) was
conducted for the entire U.S. to study the potential
impact of classification error on the census results.
The study used the 2002 June Agricultural Survey
(JAS) and 2002 Agricultural Coverage Evaluation
Survey (ACES) to study farmsincorrectly classified as
nonfarms(undercount), nonfarmsincorrectly classified
as farms (overcount), and duplication of farms
(overcount) in the 2002 Census of Agriculture. The
CES was not intended to adjust census farm counts,
but rather, to evaluate procedures and to identify
potential improvements in list building, data
collection, and other activitiesin preparation for future
Censuses.

For the evaluation, additional name, address, and
telephone information were collected on both the JAS
and ACES by adding the following three questions:

1. During the past two years, has the operator
received mail for this operation at any address
other than the one shown on the face page?

2. Excluding partners and landlords, were any other
names afield office associated with this operation
in the past year? (For example, other business
names, spouses names, €etc).

3. Isany of the land inside the blue tract boundary
rented from others? (Include land for which you
paid cash rent, land used rent free, or land rented
on shares).

The CES consisted of a two phase review process.
The initial phase, Review of Possible Matches, used
Probabilistic Record Linkage (PRL) to match the
additional information collected on the area surveysto
the name and addresses on the 2002 Census Mail List
(CML) including late adds. PRL isatechnique used to
identify records that are believed to correspond to a
CML record. Recordswere brought together into link
groups, with each link group consisting of all records
that possibly represented the same operation. Each
link group was classified into one of three distinct
types: matches, possible matches and nonmatches.
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Thenonmatcheswererepresented in estimation as part
of the undercoverage measure. The CES was
primarily concerned with the matches and possible
matches. Each State office reviewed the possible
matches and determined match or nonmatch status.

Upon completion of the PRL review, therewasaFarm
Classification Resolution review by state offices of
two additional sets of records. The first of these was
comprised of area records matching two or more
census records. Reviewing these records helped
identify duplication on the CML. The second set
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consisted of groupsof records (areaand census) within
which the reported acreage differed by more than 25
percent. A dataanalysisapplication wasdeveloped for
analysts to review of the cases in the second phase.
Upon completion of both phases, data were compiled
to estimate undercount, overcount and duplication.

The analysis of these data will provide insight into
census processes used to accurately determine farm
status and identify duplication. Any weaknesses
identified in the findings will be addressed for future
Censuses.
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Table A. Summary of State Nonresponse and Coverage Adjustments: 2002
[For meaning of abbreviations and symbols, see introductory text]
Percent from | Percent from Percent from | Percent from
nonresponse coverage nonresponse coverage
Item Total adjustment, adjustment, Item Total adjustment, adjustment,
corrected corrected corrected corrected
Farms ... . number 6,075 16.4 13.7 || Tenure - Con.
Land in farms acres 518,570 14.5 7.1
Partowners .................... farms 1,221 16.6 3.8
Farms by size: acres 210,371 12.5 15
Tenants . ...........oiiiiiiiiin. farms 499 13.8 16.4
109 . .. farms 1,429 16.7 18.2 acres 24,277 7.9 16.3
acres (D) (D) (D)
10t049 ... farms 2,217 16.2 18.5 || Principal Operator Characteristics:
acres 52,542 16.1 17.0
50tO179 . . farms 1,673 17.3 7.5 Sex of operator:
acres 160,309 17.0 6.7
180t0499 ... ... ... farms 59 15.3 3.4 Male ........................ farms 4,770 16.0 12.3
acres 166,731 15.2 2.6 acres 447,510 13.8 7.1
500t0999 . ... ... farms 129 14.0 6.2 Female ...................... farms 1,305 17.8 18.5
acres 82,074 145 4.8 acres 71,060 18.3 7.6
1,000t01,999 .. ... ...l farms 3 3.3 16.7 Primary occupation:
acres 40,930 2.4 18.8
2,0000rmore ........couvuiiunn.n farms 3 0.0 0.0 Farming ...............ooo.n farms 3,283 17.0 8.3
acres (D) 0.0 0.0 Other........................ farms 2,792 15.7 19.9
Market value of agricultural Spanish, Hispanic,
productssold .................... $1,000 384,314 11.6 -7.3 or Latino origin (see text) ......... farms 143 3.5 72.7
acres 14,396 5.2 62.2
Farms by value of sales: Race:
Lessthan $1,000 ................. farms 1,727 10.5 50.4 White ...... ... ... farms 5,997 16.5 13.5
$1,000 289 15.0 28.6 acres 515,452 14.5 7.1
$1,000t0$2,499 . ................. farms 865 145 235 Black or African American ....... farms 23 13.0 43.5
$1,000 1,376 14.1 24.7 acres 479 10.9 22.8
$2500t0%$4,999 .. ................ farms 647 229 0.2 American Indian or
$1,000 2,243 231 -0.2 Alaska Native ................ farms 19 5.3 36.8
$5,000t0$9,999 .. ................ farms 623 254 -11.7 acres 1,679 0.2 27.8
$1,000 4,281 24.8 -11.9 Native Hawaiian or
$10,000t0$19,999 ... ............. farms 555 21.3 -7.6 Other Pacific Islander .......... farms 1 100.0 -100.0
$1,000 7,728 20.9 -7.5 acres (D) (D) -100.0
$20,000t0 $24,999 .. .............. farms 160 20.6 -12.5 Asian........... ... farms 19 15.8 211
1,000 3,491 20.3 -11.9 acres (D) (D) 3.4
$25,000t0$39,999 . ............... farms 279 229 -13.6 More than one race reported . . ... farms 16 6.3 18.8
$1,000 8,821 22.7 -12.9 acres 741 1.3 9.0
$40,000t0 $49,999 .. .............. farms 14, 18.2 -8.4
$1,000 6,277 18.5 -8.7 Age group and primary occupation:
$50,000t0$99,999 . ... ............ farms 385 15.8 -4.4
$1,000 26,885 15.8 -4.1 Reporting primary occupation
$100,000 t0 $249,999 . ............. farms 38 155 -7.6 as farming by age group:
$1,000 58,644 14.9 -7.3
$250,000t0$499,999 . ............. farms 176 9.1 -4.0 Under25vyears .............. 9 0.0 44.4
$1,000 58,991 9.2 -4.6 25to 34 years . .. 102 28.4 -3.9
$500,000t0 $999,999 . ............. farms 6 45 -1.5 35to 44 years . .. 574 13.6 22.0
$1,000 44,999 4.4 -1.0 45to 54 years . . . 913 17.0 9.9
$1,000,000 0rmore ............... farms 68 7.4 -7.4 55to 64 years . .. 791 16.1 5.9
$1,000 160,290 10.4 -10.4 65 years and over 894 19.0 11
Farms by type of organization: Reporting primary occupation as
other than farming by age group:
Family or individual .. ................ farms 5,020 17.1 15.2
acres 351,800 16.3 9.2 Under25years .............. 20 15.0 55.0
Partnership . ........... ... ... ..... farms 376 13.0 8.8 25to 34 years . . . 79 15.2 24.1
acres 63,415 11.2 1.0 35to44 years ... 597 13.6 37.0
Corporation: 45 to 54 years . . . 931 14.5 20.6
Familyheld ...................... farms 494 12.6 5.9 5510 64 years . .. 690 17.4 11.4
acres 70,935 9.1 2.3 65 years and over 475 18.3 7.4
Other than family held ............. farms 65 10.8 16.9
acres 7,953 3.6 16.9 || All operators by age group *:
Other - cooperative, estate or trust,
institutional, etc . .................. farms 120 18.3 -5.0 Under25years .................. 205 18.0 20.5
acres 24,467 15.2 4.9 25to34years....... 489 17.4 11.7
35to44years....... 2,050 14.0 245
Tenure: 45to 54 years . ...... 2,900 15.8 14.6
55to64years....... 2,147 16.4 10.0
Fullowners .................cou... farms 4,355 16.6 16.1 65to 74years . ...... 1,074 17.9 3.2
acres 283,922 16.4 10.5 75 years and over 664 19.3 4.4

! Data were collected for a maximum of three operators per farm.

C-12 APPENDIX C

2002 CENSUS OF AGRICULTURE

USDA, National Agricultural Statistics Service



Table B. Reliability Estimates of State Totals: 2002

[For meaning of abbreviations and symbols, see introductory text]

Nonresponse Coverage
Root mean . and sampling : g
Item Total squared error Re'?‘;‘g;’;/)]SE contribution a(igjizgém
(RMSE P to MSE (percent)
(percent) P
FaImmMS .. number 6,075 295 4.8 0.9 99.1
Landinfarms ....... ... ... ... . ... acres 518,570 28,508 5.5 2.7 97.3
Farms by size:
100 . farms 1,429 100 7.0 4.1 95.9
acres (D) (D) (D) (D) (D)
101049 . o farms 2,217 123 5.6 4.0 96.0
acres 52,542 2,967 5.6 4.6 95.4
BOt0 A7 . e farms 1,673 99 5.9 3.5 96.5
acres 160,309 9,684 6.0 37 96.3
18010499 . . farms 5 44 7.3 6.5 93.5
acres 166,731 12,370 7.4 6.4 93.6
50010999 . ... farms 129 14 10.5 15.1 84.9
acres 82,074 8,284 10.1 15.2 84.8
1,000t0 1,999 . . ..o farms 3 4 14.4 111 88.9
acres 40,930 6,267 15.3 9.4 90.6
2,000 0FMOTE . ..ottt e farms 3 0 0.0 0.0 0.0
acres (D) 0 0.0 0.0 0.0
Market value of agricultural
productssold . ............ ... $1,000 384,314 18,161 4.7 1.3 98.7
Farms by value of sales:
Lessthan $1,000 .......... ...ttt farms 1,727 181 10.5 1.9 98.1
$1,000 289 45 15.6 2.8 97.2
$1,000t0 52,499 . . . it farms 865 109 12.6 2.0 98.0
$1,000 1,376 173 12.5 2.3 97.7
$2,500t054,999 . ... .. farms 647 74 114 2.8 97.2
$1,000 2,243 257 115 29 97.1
$5,000t0 $9,999 . . . . farms 623 63 10.2 2.7 97.3
$1,000 4,281 434 10.1 2.8 97.2
$10,000t0 $19,999 . . .. ... farms 555 52 9.4 3.9 96.1
$1,000 7,728 730 9.4 4.0 96.0
$20,000t0 $24,999 . . ..o farms 160 20 12.3 8.0 92.0
1,000 3,491 429 12.3 8.0 92.0
$25,000t0 $39,999 . . .. ... farms 279 29 10.4 6.9 93.1
$1,000 8,821 914 10.4 7.4 92.6
$40,000t0 $49,999 . . ..o farms 14 17 12.1 10.9 89.1
$1,000 6,277 761 12.1 11.0 89.0
$50,000t0 $99,999 . . .. ... farms 385 34 8.9 6.3 93.7
$1,000 26,885 2,405 8.9 6.9 93.1
$100,000t0 $249,999 . . . . ... farms 38 32 8.4 5.4 94.6
$1,000 58,644 4,756 8.1 55 94.5
$250,000t0 $499,999 . . . ... ... farms 176 13 7.1 7.8 92.2
$1,000 58,991 4,100 7.0 8.0 92.0
$500,000 0 $999,999 . . . . ... farms 67 5 6.9 10.4 89.6
$1,000 44,999 3,104 6.9 11.2 88.8
$1,000,000 OF MOF@ ...\ out et e et e e et farms 68 4 6.4 4.7 95.3
$1,000 160,290 6,624 4.1 3.3 96.7
Farms by type of organization:
Family orindividual .. ........ .. ... .. farms 5,020 252 5.0 13 98.7
acres 351,800 21,367 6.1 4.1 95.9
Partnership . ... ... farms 376 29 7.6 10.9 89.1
acres 63,415 5,218 8.2 10.5 89.5
Corporation:
Family held ... ... farms 494 37 7.5 8.0 92.0
acres 70,935 5,214 7.4 7.8 92.2
Otherthan family held . ........... .. ... .. ... ... ....... farms 65 12 18.3 7.1 92.9
acres 7,953 1,619 20.4 12.0 88.0
Other - cooperative, estate or trust,
institutional, etC . . . . ... . farms 120 11 8.8 14.4 85.6
acres 24,467 3,760 15.4 9.0 91.0
Tenure:
Fullowners ...... ... ... . i farms 4,355 224 5.1 1.6 98.4
acres 283,922 17,118 6.0 5.2 94.8
Part OWNEIS . .ttt e farms ,221 75 6.2 4.1 95.9
acres 210,371 15,189 7.2 4.2 95.8
Tenants . ... ..o farms 499 40 8.0 10.6 89.4
acres 24,277 2,553 10.5 14.9 85.1
Principal Operator Characteristics:
Sex of operator:
Male .. farms 4,770 256 5.4 1.1 98.9
acres 447,510 26,729 6.0 2.7 97.3
Female ........ ... .. .. . . farms 1,305 133 10.2 2.0 98.0
acres 71,060 8,513 12.0 6.6 93.4
Primary occupation:
Farming . ... i farms 3,283 168 51 2.2 97.8
Other . . farms 2,792 151 5.4 2.9 97.1
Spanish, Hispanic,
or Latinoorigin (seetext) .............. ... farms 143 52 36.0 3.6 96.4
acres 14,396 5,417 37.6 6.5 93.5
Race:
White ... farms 5,997 291 4.9 0.9 99.1
acres 515,452 28,408 55 2.8 97.2
Black or African American ............... ... i, farms 23 12 52.3 4.8 95.2
acres 479 364 76.0 6.0 94.0
American Indian or
Alaska Native ........... ... .. i farms 19 9 45.8 8.6 91.4
acres 1,679 637 37.9 8.5 91.5
Native Hawaiian or
Other PacificIslander ............................... farms 1 1 135.6 115 88.5
acres (D) (D) (D) (D) (D)
See footnote(s) at end of table. --continued
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Table B. Reliability Estimates of State Totals: 2002 - Con.

[For meaning of abbreviations and symbols, see introductory text]

Nonresponse Coverage
Root mean . and sampling : g
Item Total squared error Re'@;‘g;’g‘SE contribution atigjiﬁrgént
(RMSE to MSE (percent)
(percent)
Principal Operator Characteristics - Con.
Race - Con.
ASiaN . . farms 19 9 46.1 7.7 92.3
acres (D) (D) (D) (D) (D)
More than one race reported . ......................... farms 16 9 56.2 5.8 94.2
acres 741 537 725 6.9 93.1
Age group and primary occupation:
Reporting primary occupation as farming
by age group:
Under 25 years 9 7 73.0 9.7 90.3
25to 34 years . 102 23 222 4.5 95.5
35t0 44 years . 574 66 11.4 4.4 95.6
45 to 54 years . 913 76 8.3 3.9 96.1
55to64years............. 791 55 7.0 6.3 93.7
65 years and over 894 66 7.4 5.0 95.0
Reporting primary occupation as other than
farming by age group:
Under 25 years 20 10 49.3 10.3 89.7
25to0 34 years . 79 18 22.4 8.7 91.3
35 to 44 years . 597 67 11.3 4.7 95.3
45 to 54 years . 931 80 8.6 3.9 96.1
55to64years............. 690 52 7.5 7.3 92.7
B5years and OVer . .. ... vu it farms 475 39 8.2 8.5 915
All operators by age group *:
Under 25 years . . 205 27 13.3 13.2 86.8
25to 34 years . . 489 54 111 6.0 94.0
35to 44 years . . 2,050 168 8.2 3.0 97.0
45 to 54 years . . 2,900 197 6.8 2.4 97.6
55to 64 years . . 2,147 130 6.1 4.1 95.9
65to 74 years . .. 1,074 76 7.1 5.5 94.5
75 years and over 664 51 7.6 7.7 92.3
Net cash farm income of operation (see text) %
Farms with gains of * -
Lessthan $1,000 . ...... ..ottt farms 190 55 29.0 52.8 47.2
$1,000 93 31 33.6 52.5 475
$1,000t0$4,999 . ... ... farms 662 119 17.9 51.8 48.2
$1,000 1,985 397 20.0 50.4 49.6
$5,000t0 89,999 . .. .. farms 392 84 21.4 49.9 50.1
$1,000 2,806 608 21.7 49.3 50.7
$10,000t0 $24,999 . . ... ... farms 386 77 19.9 46.9 53.1
$1,000 5,870 1,157 19.7 46.7 53.3
$25,000t0 $49,999 . . ... farms 298 63 21.1 51.5 48.5
$1,000 10,864 2,333 215 54.4 45.6
$50,000 06 MOTE .. ..ottt farms 476 67 14.0 46.4 53.6
$1,000 100,306 10,083 10.1 52.4 47.6
Farms with losses of -
Lessthan $1,000 . ...... ...ttt farms 303 81 26.6 60.7 39.3
$1,000 171 54 31.6 61.7 38.3
$1,000t0$4,999 . ... ... farms 1,402 205 14.6 52.5 475
$1,000 3,862 643 16.6 51.7 48.3
$5,000t0 89,999 . .. .. farms 804 170 21.2 54.6 45.4
$1,000 5,533 1,223 22.1 56.8 43.2
$10,000t0 $24,999 . . ... ... farms 636 127 20.0 49.6 50.4
$1,000 10,194 2,073 20.3 50.0 50.0
$25,000t0 $49,999 . . ... farms 275 76 27.5 58.2 41.8
$1,000 9,256 2,467 26.7 59.5 40.5
$50,000 0P MOTE . ..ottt farms 253 61 24.0 54.8 45.2
$1,000 28,298 5,079 17.9 56.1 43.9

1 Data were collected for a maximum of three operators per farm.
2 Data are based on a sample of farms.

3 Farms with zero net cash income are included as farms with gains of less than $1,000.
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Table C. Summary of Nonresponse and Coverage Adjustments by County

[For meaning of abbreviations and symbols, see introductory text]

All farms Land in farms Sales
Geographic area Total Nonresponse Coverage Total Nonresponse Coverage Total Nonresponse Coverage
(number) adjustment adjustment (acres) adjustment adjustment ($1,000) adjustment adjustment
(percent) (percent) (percent) (percent) ! (percent) (percent)

STATE TOTAL
Massachusetts .......................... 6,075 13.1 17.0 518,570 12.6 9.0 384,314 7.4 -3.1
COUNTIES
Barnstable ............... ... ... 285 14.0 11.6 5,990 12.7 21.9 13,827 5.1 7.2
Berkshire . . . 401 12.7 17.5 68,630 11.2 15.6 21,725 8.0 -3.3
Bristol . . 624 15.2 18.1 36,085 18.0 0.4 29,361 14.7 -9.6
Dukes 83 10.8 24.1 7,826 24 3.6 1,454 7.9 1.9
Essex ... 400 12.8 17.3 27,856 15.6 6.3 24,469 15.2 -10.9
Franklin . 586 12.3 16.6 74,281 12.5 6.6 42,895 7.6 -3.7
Hampden .. 458 13.5 18.6 37,637 15.8 5.9 23,686 7.9 -5.2
Hampshire ... 542 14.4 12.0 50,756 13.3 8.6 35,079 7.0 0.8
Middlesex .. 579 135 17.1 33,160 14.6 6.2 65,915 4.6 -3.3
NANUCKEE ..ot e ettt 13 15.4 7.7 (D) (D) (D) 2,677 0.4 -
Norfolk ........ ... ... 208 13.9 255 12,645 19.3 6.9 11,306 19.5 -17.1
Plymouth 794 11.7 17.8 59,445 6.5 7.4 42,989 4.2 -0.5
Suffolk 8 50.0 -37.5 (D) (D) (D) 35 58.8 -50.3
Worcester 1,094 12.2 17.1 103,538 12.2 13.2 68,574 4.5 0.2
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